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THE COLLOIDAL SWELLING OF WHEAT
GLUTEN IN RELATION TO MILLING
AND BAKING.
BY FRED W. UPSON AND JOHN W. CALVIN.

Aside from its theoretical interest in connection with the
general problem of water absorption by .animal and plant tissues,
the colloidal swelling of gluten is of great practical importance in
its relation to certain problems of milling and baking. In a
former paper 1 the authors have presented experiments on the
colloidal hydration of moist wheat gluten and discussed the
subject of water absorption in its · theoretical aspects. This
subject has also been dealt with in papers by Wood 2 and by
Wood and Hardy. 3
A review of the literature on wheat and flour chemistry shows
that, excepting the work of the authors named, the colloidal
properties of gluten have not been taken into account in previous
investigations in this field. This subject is far too important to
be overlooked .
The experiments by Wood and by Wood and Hardy were
carried out by immersing small bits of gluten, suspended over
glass rods, in beakers containing solutions of varying concentrations of different acids both with and without the presence of
salts, and noting the effect of the different solutions in bringing
about "disintegration" and "loss of cohesiveness" of the gluten.
Our experiments deal with the changes in hydration capacity of
gluten under different conditions and were carried out by determining accurately the amount of water absorbed by gluten
from solutions of varying concentrations of different acids, both
with and without the presence of salts.
EXPERI ME NTS ON THE SWELLI NG OF WHEAT GLUTEN. 4

The gluten for the following experiments was prepared by
washing the starch from flour under a stream of distilled water.
Upson and Calvin, Jour. Amer. Chem. Soc. 37, 1295 (1915).
Wood, Jour. Agr. Sci. 2, 267 (1907).
Wood and Hardy, Proc. Roy . Soc. London, (B ) 81, 38 (1909).
4For a brief bibliography of work on the colloidal swelling of proteins
.
see article by the authors, Jour. Amer. Chem. Soc. 37, 1295 (1915).
For a detailed account of experiments on t he swelling of animal proteins
see Fischer, Oedema and Nephritis, Sec. Ed. N . Y . (1915).
1

2

3
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We found the character of the gluten to be quite different when
tap water, which contains salts, was used in place of distilled
water, being tougher and more elastic, just as pointed out by
Wood and Hardy. 5 Since we wished to avoid the effect of any
salts which might be absorbed by the gluten from the tap water,
all samples of gluten were prepared with distilled water. The
gluten ball was pressed out between glass plates to a fairly
uniform thickness. After standing some time between the plates
(during which time some fluid was usually squeezed off), disks
could.be cut from the gluten with a large cork borer, which were
fairly uniform as to surface and weight. The disks were weighed
to the nearest centigram and placed in the solution for exactly
2 hours, whereupon they were removed, drained on a Buchner
funnel, and weighed again. The method is necessarily somewhat
crude, because the gluten is moist when weighed originally and
because of the variation in the amount of water which mechanically adheres to the disks. Nevertheless, when the average
of a number of determinations is taken the results are surprisingly
uniform.
TABLE

1.- Lactic acid.

Wt. of water absorbed in g. per g. of moist gluten
Cone. of acid

Average
A

None
0.002 N
0.005 N
0.01 N
0.02 N
0.04 N
0.1 N
0.2 N
0.5 N
5

0.046
1.30
1.42
1.51
1.60
1.48
1.37
1.23
1.01

I

I

I

B

C

D

1.31
1.54
1.77
1.55
1.51
1.38
1.15
Lost

0.075
1.02
1.35
1.44
1.53
1.35
1.07
1.11
0.99

0.043
1.07
1.55
1.55
1.61
1.42
1.28
1.19
1.08

Wood and Hardy, Proc. Roy. Soc. London, (B ) 81 , 38 (1909 ).

0.055
1.18
1.46
1.57
1.57
1.44
1.27
1.15
1.03

The Colloidal Swelling of Wheat Gluten.
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2.- Acetic acid.

-

-"

Wt. of water absorbed in g. per g. of moist gluten
Cone. of acid

None
0.002 N
0.005 N
0.01 N
0.02 N
0.04 N
0.1 N
0.2 N
0.5 N

Average
A

B

C

0.03
1.11
1.39
1.43
1.56
1.80
1.62
1.51
1.49

0.01
1.47
1.58
1.58
1.76
1.88
2.06
1.82
1.69

- 0.03
1.30
1.90
1.87
1.96
2.03
1.86
1.76
1.66

TABLE

I
I

0.01
1.29
1.62
1.63
1.76
1.90
1. 85
1.69
1.61

3.- Hydrochloric acid.

Wt. of water absorbed in g. per g. of moist gluten
Cone. of acid

I

Average

I

A

-

I

B

0.00
0.00
0.00
None
1.28
0.002 N
1.47
1.37
1.63
1.44
0.005 N
1.54
I
1.37
0.01 N
1.67
1.52
1.37
1.12
0.02 N
1.23
I
0.68
0.83
0.04 N
0.75
0.14
0.16
0.1 N
0.15
- 0.097
0.2 N
0.01
- 0.04
- 0.19
0.09
0.5 N
- 0.14
I - - - - -- - ' - - - - -- - ' - -- - - - - - - - - ' - - - - - - ' - - - -- - -

The curves showing the amount of water absorption with
increasing concentration of acid for Tables 1, 2, and 3 are shown
in Figure l. The curves represent the average for four, three,
and two determinations, respectively, for lactic, acetic, and
hydrochloric acids. The concentrations of acid are plotted along
the horizontal, and the water absorption in grams per gram of
moist gluten is plotted on the vertical axis. An inspection of
these curves brings out some interesting facts. For hydrochloric
acid the maximum absorption is obtained with a concentration
of 0.005 N, while the concentration for maximum absorption with
lactic acid lies between 0.01 N and 0.02 N and for acetic acid is
0.04 N. It is to be noted that for concentrations above the one
for maximum absorption, the curves do not fall off at anything
like the same rate for the three acids. The curve for hydrochloric falls much more rapidly than the curves for the other

6
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two. This agrees with the results as found by Fischer 6 for fibrin
and by Ostwald for gelatin. 7 Fischer obtained maximum swelling
of both fibrin and gelatin in approximately 0.025 N hydrochloric
acid and diminished swelling for concentration above this.
Of special interest is the fact that both lactic and acetic acids
show concentrations of optimal swelling for gluten. Such an
optimal swelling of a protein in a "weak" acid has never before
been observed. It does not occur in gelatin, fibrin, and the other
animal colloids thus far studied. The swelling of gluten also
diminishes much more rapidly with increasing concentration of
hydrochloric acid beyond the optimal point than does the
swelling of gelatin or fibrin. It is also of interest that moist
gluten loses water in the higher concentrations of hydrochloric
acid, 0.2 N and 0.5 N . We have established that gluten disks
lose weight in these higher concentrations of acid because of loss
of water and not because of "solution" of the gluten. Examination of the surrounding fluids in these higher concentrations of
acid fails to reveal more than traces of dissolved protein, whereas
in the lower concentrations where greatest swelling takes place
considerably more protein is dissolved. When gluten swells in
dilute acid the disks puff up and take on an appearance somewhat
resembling cotton balls, finally becoming transparent, soft, and
gelatinous. In 0.2 N and 0.5 N hydrochloric acid, the disks do
not change in appearance or in physical properties except to
become t ougher and more elastic just as in salt solutions. Disks
which have lost water in 0.5 N hydrochloric acid gain water and
become soft and gelatinous when placed in more dilute acid.
Those which have absorbed water to more than double their
weight in the more dilute acid lose it if placed in 0.5 N acid. The
taking up and giving off of water is, in other words, largely
reversible.
When any salt is added to an acid in which · a gluten disk is
swelling, the swelling is much reduced. This is shown in Table 4
and Figure 2, which is based upon the results shown in this table.

°ච
7

Fischer, Oedema and N ephritis, Sec. Ed., N. Y . (1915), pp. 44, 48.
Ostwald , Pfltiger's Arch., 108,577 (1905).
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Fig. 1.-Water absorption by gluten in different concentrations of different acids.

ll

z

Nebraska Agricultural Exp. Station, Research Bul. 8.

8
TABLE

4.- 0.005 M salt solutions and varying concentrations of
lactic acid.
Wt. of water absorbed in g. per g. of moist gluten

Cone. of acid
solution

0.005 M
K, C,H,Oo

0.005 M
K 2HPO,

0.005 M
KC!

- 0.11
- 0.06
0.04
0.25
0.55
0.73
1.06

- 0.14
- 0.012
0.16
0.63
0.86
0.97
1.12

- 0.11
0.49
0.77
0.98
1.28
1.30
1.43

No acid
0.002 N
0.005 N
O.Ol N
0.02 N
0.04 N
O.l N

M
I 0.005
CaCl 2

No salt

- 0.11
0.25
0.42
0.57
0.68
0.89
0.96

- o.oi

1.39
1.50
1.81
1.87
1.72
1.69
"I~
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In Table 5 are given the figures showing the effect of varying
concentrations of four salts and also of glycocoll on the absorption of water by gluten in the presence of 0.01 N lactic acid.
The results are shown graphically in Figure 3.
In all cases there is a rapid decrease in water absorption with
an increase in the concentration of the salt. In the higher concentrations of phosphate and tartrate, the gluten disk drops to
a weight below that of the original moist disk.
TABLE

5.- 0.01 N lactic acid and varying concentrations of salts
and of glycocoll.

Cone. of salt
SO IU f!On
No salt
0.001 M
0.002 M
0.005 M
0.01 M
0.02 M
0.04 M
0.1 M
0.2M
0.4 M

Wt. of water absorbed in g. per g. of moist gluten
0.01 N lactic acid and
KC!

K,HPO,

1.70
1.23
1.09
0.74
0.46
0.21
- 0.03
...

2.12
1.17
0.85
0.49
0.06
- 0.18
- 0.21

....

....

....
....

K,C,H,OGI
1.87
1.18
0.85
0.26
- 0.02
- 0.11
- 0.14
. . ..
. . ..

..

CaCI,
2.02
1.50
1.21
0. 85
0.43
0.11
0.00

. ...
....

....

Glycocqll
1.70 .
....

1.57
1.65 ·
1.29 :
1.21
1.14
0.71
0.53
0.50

At the concentration of 0.02 M the order of salts as regards
their effect in diminishing absorption is the same as found by
Fischer for gelatin and fibrin, namely : Chloride, tartrate, and
phosphate. That the relative position of the curves for the four
salts is not the same for all concentrations may or may not be
significant. We do not think the matter due to experimental
error. There is undoubtedly a very important relation between
the exact concentration of the acid and the inhibiting effect at
different concentrations of the salts. Of special interest is the
fact that glycocoll behaves like a salt in reducing the swelling of
gluten in acid solution. The effect, however, is less marked than
with the different salts studied.
A series of photographs will help to make evident the significant differences in the swelling of gluten under different conditions.
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Fig. 3.-Effect of varying concentrations of different salts in reducing swelling of gluten in M / 100 lactic acid.
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H,O

N / 500

N / 200

N / 100

N / 50

N / 25

N / 10

Fig. 4.- The lactic acid series (A) of Table 1. Beaker 1 contains distilled
water. Beakers 2 to 7 contain lactic acid in concentrations from 0.002 N
to 0.1 N as shown in Table 1. The difference in size of the disks in distilled
water and in the different concentrations of acid is plainly evident.

Figure 5 shows a 0.01 N lactic acid series, to which have been
added varying concentrations of K2HP04 as in Table 5. Beaker 1
contains 0.01 N lactic acid. Beakers 2 to 7 contain 0.01 N lactic
acid with K 2HP0 4 varying in concentration from 0.001 M to
0.4 M . The increasing antagonistic effect of the salt with increasing concentration is very apparent.

Acid

M / 1000

M / 500

M / 200

M / 100

M / 60

M / 25

Fig. 5.- N / 100 lactic acid with increasing K,HPO. solution.
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6.- Reversibility of water absorption by gluten.

TABLE

Originj w.
t of
disks

-is9 -I
1.30
1.33
1.39
1.42
1.29
1.29
1.31
1.31

I

I Wt f lISk Safter I C one. o
. 0

2 hrs. in acid

B

A

B

1.23
1.26
1.22
1.28
1.24
1.27
1.29
1.29
1.30

1.41
3.21
3.43
3.57
3.92
3.90
3.95
3.69
3.52

1.20
2.89
3.54
3.67
3.67
3.85
3.69
3.56
3.46

acid

No acid
0.002 N
0.005 N
0.01 N
0.02 N
0.04 N
0.1 N
0.2 N
0.5 N

C

Wt. of disks after
transference to
0.1 N K2HP04 for 1 hr.

A

B
II
-----

1.14
1.18
1.22
1.27
1.30
1.17
1.21
1.28
1.35

0.95
1.16
1.10
1.17
1.14
1.15
1.24
1.26
1.35

I

Table 6 shows the reversible nature of water absorption by
gluten. There are shown in Column A the original weights of
two series of gluten disks, and in Column B their weights after
remaining two hours in acetic acid solutions varying from 0.002
N to 0.5 N. In Column C are given the weights of the same
disks after remaining one hour in 0.1 N dipotassium phosphate
solution. These experiments show how the disks, after taking up
water in the acid solutions to twice their original weight or more,
give up the water in the salt solution. Not only do they reassume
their original weight, but their original appearance and physical
properties, as toughness and elasticity, as well.
TABLE 7 .-

Ejfect of temperature on water absorption.

Solution

In
In
In
In

water . ..
. ......... .
0.01 N HCl .
0.01 N lactic ....... . .... .. .... . .. .
0.01 N acetic ..... . . . . . . ....... .. .

Wt. of water absorbed in g. per g.
of moist gluten
24 °

39 °

0.06
1.47
1.65
1.68

0.09
2.01
2.66
2.79

Table 7 is introduced to show the effect of temperature on the
absorption of water by gluten. It shows that in acid solutions
the higher the temperature the more the gluten swells.
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TABLE

8.-0.01 N lactic acid with varying amounts of flour and
bran extracts.

0.01 N lactic
acid cont.
extract from flour

Water abs. in
g. per g. of
moist gluten

I

No extract
0.625 g. per 100 cc.
1.25 g. per 100 cc.
2.50 g. per 100 cc.
5.00 g. per 100 cc.

2.23
2.1 6
1.81
1.47
1.25

I
I

TABLE

I
I

I

0.01 N lactic
acid cont.
extract from bran

Water abs. in
g. per g. of
moist gluten

No extract
0.625 g. per 100 cc.
1.25 g. per 100 cc.
1.87 g. per 100 cc.
2.50 g. per 100 cc.
4.75 g. per 100 cc.

1.48
1.12
1.02
0.91
0.82
0.33

9.- 0.01 N lactic acid with varying amounts of cane sugar.
Cone. of sugar
solution

Water abs. in g. per g.
of moist gluten

None
0.1 M
0.2 M
0.5 M
1.0 M
1.5 M

1.75
1.41
1.54
1.42
0.71
0.28

Table 8 shows that water extracts of flour and bran reduce
the swelling of gluten in acid solutions. Their effect is similar
to, tho not as marked as, the effect of neutral salts.
Table 9 shows that nonelectrolytes such as cane sugar are
comparatively ineffective in reducing the swelling of gluten in
acid solutions except in high concentrations. Fischer finds the
same for gelatin and sugar solutions.
DISCUSSION.

The experiments described show that the mixture of vegetable
proteins which comprises wheat gluten behaves in a manner
entirely analogous to the animal proteins as studied by Fischer
and others. Moist gluten absorbs water from acid solutions,
and the amount of absorption varies with the kind and concentration of the acid. The strong acids are most effective in
bringing about water absorption in dilute solution. Maximum
absorption is attained with 0.01 N (0.036 per cent) hydrochloric
acid. As the concentration increases above this point, water
absorption becomes less and less until at a concentration of 0.1 N
(0.36 per cent) no absorption takes place. The weaker acids,
lactic and acetic, show also concentrations of optimal swelling.

14
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But for concentrations above the optimum, swelling does not
fall off at the same rate as in the case of hydrochloric acid. The
presence of neutral salts in the acid solution reduces water absorption, the absorption becoming less and less as the concentration of salt increases till at a concentration of approximately
0.05 M, absorption is entirely prevented. For varying concentrations of any one salt and acid, the concentration of salt necessary to prevent swelling of gluten first rises and then falls, with
increasing concentration of the acid. Gluten which has absorbed water in acid solution and taken on a soft, jellylike consistency loses water and regains its original physical properties
when placed in a salt solution.
Acids and salts therefore determine not only the physical
properties of gluten but its water-holding capacity as well.
Gluten prepared by washing flour in many changes of tap water
is an elastic, rubberlike mass, possessing tenacity. When placed
in dilute acid solutions, gluten absorbs water, at the same time
losing its tenacity and elasticity, becoming soft and gelatinous.
Wood and Hardy 8 have arrived at the same conclusions thru a
study of the dispersion and "loss of cohesiveness" of gluten in
different solutions, by methods quite different from ours.
The relation of physical properties of gluten to "strength"
in flour has been considered in papers by Wood 9 and Hardy. 10
After showing that the properties of gluten depend on the nature
and concentration of the acid and salts in the solution with
which it is in contact, Wood suggests that "these properties
have an important bearing on the shape of the loaf and that a
knowledge of the acidity and soluble salt content of a flour gives
a clue to the factor of strength which decides whether the flour
will make a good shaped loaf." Hardy discusses the work of
Wood and points out the importance of the acids and salts in
determining the physical properties of the gluten and any other
colloids present in the dough.
Numerous attempts have been made in the past to correlate
baking strength of flour with various more or less easily determined
physical or chemical factors. 11 Some of the factors which have
been suggested as bearing a relation to baking strength are total
nitrogen, total gluten, total gliadin, ratio of gliadin to glutenin,
ratio of gliadin to total nitrogen, ratio of water soluble nitrogen
Wood, Jour. Agr. Sci. 2, 267 (1907).
Wood and Hardy, Proc. Roy. Soc. London (B ) 81, 38 (1909).
' Wood, Joe. cit.
10 Hardy, Jour. Board Agr. Supp. England 17, 52.
"For an historical account of the work on baking strength see Blish, Jour.
Ind. Eng. Chem. 8, 138 (1916).

8
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to total nitrogen, chemical composition of the individual proteins,
ratio of wet to dry gluten, total amount of gas evolved during
fermentation, and many others. In spite of the enormous amount
of work on this subject carried out by many investigators, no one
has yet succeeded in showing that any single physical or chemical
factor bears a definite and constant relation to baking strength.
Moreover, there is, at present, no unanimity of opinion among
investigators as to the importance which should be attached to
the different factors in their relation to baking strength.
It now seems certain in the light of our experiments as well as
those of Wood and Hardy that the colloidal propertiesof gluten
are of far greater importance in this connection t , n is generally
supposed; and that baking strength in wheat
u'r is to be
associated with quality of gluten, which is, in turn, regulated by
the kind and concentration of the soluble acids and salts present
in the flour or added in the baking process. Quality of gluten,
as washed from flour in the ordinary method, will depend first
on the kind and concentration of the acids and salts present in
the flour, and secondly upon the nature of the liquid with which
the gluten is washed. If the kind and concentration of the acids
and salts in the flour are such as to produce the "acid effect,"
that is, to favor water absorption, then the gluten will be soft
and gelatinous,- in other words will be a "weak" gluten. If the
kind and concentration of the acids and salts in the flour are
such as to produce the "salt effect," that is, to prevent water
absorption, then the gluten will be coherent and tenacious,- in
other words, will be a "strong" gluten. Furthermore, as we
shall show in the next section of this paper, the character of the
gluten may be modified at will, depending on the character of
the solution used for washing the starch from the flour. Dilute
salt solutions and tap water give a gluten somewhat tougher
and more elastic than does distilled water. Distilled water containing carbon dioxide gives a poorer quality of gluten than
freshly boiled distilled water. Dilute acid solutions give a soft,
gelatinous gluten. If acid solutions of such concentration as
give maximum water absorption are used for washing the starch
from flour, then it is practically impossible to obtain a gluten
ball. The gluten is not destroyed but is simply rendered incapable of being collected.
The now generally accepted definition of baking strength in
wheat flour is that suggested by Humphries and Biffin, namely,
"the capacity for making large, shapely, and therefore wellaerated loaves." The power which dough made from wheat
flour possesses, of retaining the bubbles of carbon dioxide formed
during the fermentation, is due to the peculiar qualities of the
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gluten. The protein complex of wheat flour, unlike the proteins
of other grains, possesses tenacity and elasticity and hence
confers on the dough its active mechanical properties. The gluten
serves as the cement which holds the starch grains together.
Hence, the property of forming large, shapely loaves which
varies within wide limits for different flours is dependent on the
quantity and the physical state of the contained gluten. Gluten
content alone can no longer be considered as an absolute measure
of strength. Rather is strength related to quality of gluten
which in turn is regulated by the kind and concentration of the
acids and salts present in the dough. From the experiments we
are justified in concluding that strength is related to soluble
acid and salt content of the flour. Flours containing acids and
salts in such combinations as to favor water absorption will
behave as "weak" flours, whereas those containing acids and
salts in such combinations as inhibit water absorption will
behave as "strong" flours when baked. Not only will the acids
and salts already present in the flour affect the gluten, but any
substances added when the flour is made into dough, as well as
any acids developed in the fermentation process, will also produce
their effect in modifying the gluten.
The authors cannot agree with certain conclusions of Wood.
Wood believes that the acids and salts in the wheat grain produce
their effect in modifying the character of the gluten at an early
stage, probably at the time the endosperm is being formed,
when the grain contains more water than it does at the time it
is ready to grind.1 2 It does not seem to us necessary to suppose,
as does Wood, that acids and salts present must produce their
effect previous to the time the flour is made into dough. Any
substances influencing water absorption by gluten will produce
their effect whenever water is added in the doughing process.
Our experiments show that gluten may double in weight
thru water absorption in less than 1 hour, at the same time losing
its tenacity and elasticity. Wood found that gluten requires
about 48 hours to come into equilibrium with its surroundings. 13
From this he erroneously concludes that it would not be possible
to test the effect of the addition of acids, alkalies, and salts in
modifying the baking qualities of flour, since the acid, alkali, or
salt would have to be added some 40 hours before the doughing
process is begun. Since, as we find, gluten may be greatly
modified as to physical properties by acids, alkalies, or salts in
so short a time as 1 hour, it ought to be perfectly practicable to
12Wood, Jour. Agr. Sci. 2, 274 (1907 ).
"'Wood, Jour. Agr. Sci. 2,273 (1907).
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test the effect of these substances in modifying the qualities of
the gluten. (It is the intention of the authors to carry out in
the near future detailed studies of this character.)
Recent work on the effect of the addition of various substances
to dough on the bread-making qualities of flour is of interest in
this connection. White 14 has investigated the effect of the
addition of bran extracts to the dough on the quality of loaf
obtained. He made experiments, adding water, extract of bran,
0.2 per cent hydrochloric acid extract of bran, and 0.2 per cent
acid alone. The dilute acid gave a loaf smaller in volume than
the check and of very poor texture. The water and acid extracts
of bran gave improved loaves. Acid extracts neutralized with
alkali gave a poorer loaf than the check.
Willard and Swanson 15 have determined the effect of a number of substances on the baking qualities of flour. They found
that glycocoll and several other amino acids produced marked
detrimental effects. Salts showed either no marked effects or a
beneficial one. Ammonium chloride in small amounts affected
the baking qualities of flour favorably. Sodium carbonate was
markedly detrimental. Extracts of various milling by-products
gave improved loaves of bread for the most part. Neither White
nor Willard and Swanson offer any explanation of their interesting results. Willard and Swanson make the following statement:
"That the baking qualities of flour bear an intimate relation to
chemical substances that may naturally be present, or that may
be produced from normal constituents of the flour or introduced
thru imperfect milling, is beyond question." In our opinion the
explanation of t he results of White and of Willard and Swanson
is to be found in the effect which the added substances produced
in altering the hydration capacity of the gluten.
Freed 16 has investigated the effect of the addition of varying
quantities of salt to the dough on the character of loaf obtained.
He found that the size and texture of the loaf, as well as the
time of fermentation, varied with the amount of salt used. The
length of time required for fermentation increased regularly with
increase in amount of salt added. The volume of loaf increased
with increase of salt up to 3 pounds of salt per 196 pounds of
flour; with increasing amounts of salt above this the volume
decreased. The texture of the bread was best in the loaf having
greatest volume and poorest in the bread in which no salt was
used. Where more than 3 pounds of salt for 196 pounds of flour
was used the loaf was of smaller volume and poorer in texture.
W hit e, Jour. Ind. Eng. Chem. 5, 990 (1913).
Willard and Swanson, Kansas Agr. Exp. Sta. Bui. 190 (1913).
16 Freed, Oper. Miller, 18, 794 (1913).
14

15
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These results are entirely in harmony with our conclusions.
Increasing amounts of salt, up to a certain point, render the
gluten tougher and tougher and hence lengthen the time of
fermentation. It is probable that the salt controls the time of
fermentation as well as the size and texture of the loaf thru its
effect in modifying the physical character of the gluten, rather
than thru its effect in controlling the chemical changes, as suggested by Freed. Bread made without salt is of poor texture,
because, in the absence of salt, the gluten is soft and without
elasticity and tenacity. Increase of temperature favors water
absorption by the gluten. Higher temperatures also favor the
production of lactic acid . More salt is needed therefore in warm
weather to overcome the effect of these factors in causing the
gluten to absorb water and so become soft and gelatinous.
There is, without doubt, an optimum degree of toughness of
gluten for the best results in bread making. Too tough a gluten
may inhibit proper expansion of the dough, while too soft a
gluten will permit the gas bubbles to break, producing a loaf of
small size and inferior texture. It is thus to be expected that
flours of widely different baking strength would not respond in
the same manner to the same treatment. Treatment which would
give favorable results with a "strong" flour, that is, the addition
of some substance which favors water absorption by gluten,
would give unfavorable results with a "weak" flour. "Weak"
flours require treatment which will reduce the water-holding
capacity of the gluten, such as the addition of neutral salts.
These facts are sufficient to account for the conflicting results
obtained by different investigators on the effect of the addition
of different substances to flour in the baking process.
Wahl1 7 has recently presented conclusions gained from a study
of the effect of lactic acid when added to the dough in the breadmaking process. No experimental data are given. He makes
the statement that bacterial lactic acid produced by propagating
Bacillus Delbruecki on media such as bran mash, crushed wheat,
flours, stale bread, and the like, improves the quality of bread,
and is more effective in this respect than commercial lactic acid.
The effect of the various substances on the physical properties of
gluten is not taken into account. From our results it is clear
that acid solutions alone will not produce the same effect in
modifying the gluten as acid solutions containing the extractives
of bran or flour.
Kohman et al. 18 have recently taken out patents on formulas
nwahl, Jour. Ind. Eng. Chem. 7, 773 (1915).
Kohman et al. Chem. Abs. 9, 2,784 (1915) ; 10, 232; 233 (1916).
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for salt mixtures for use in bread making. These mixtures contain ammonium chloride and calcium sulphate. It is stated that
these substances are of value in that they effect a saving in yeast,
promote its growth, etc. While these substances may promote
the growth of the yeast plant, they also certainly change the
physical character of the gluten. Their effect in modifying the
character of the gluten must be taken into account in explaining
their action.
It seems probable also that the beneficial results obtained
from the use of mineral "flour improvers " depend in part at
least on the effect produced by these substances in modifying
the physical properties of the gluten. These improvers usually
contain phosphates, which are among the most effective substances in inhibiting water absorption by gluten. Most pronounced results are obtained with the use of these improvers on
weak flours such as are grown in t he British Isles. These flours
have been shown to be exceptionally low in content of soluble
salts and especially in phosphates.
EXPERIMENTS ON THE WASHING OF GLUTEN.
METHODS FOR THE DETERMINATION OF WET GLUTEN.

Experiments were carried out on the washing of gluten from
flour using various solutions as well as distilled water and tap
water. The solutions used were sodium chloride of several
different concentrations, potassium phosphate, dilute hydrochloric acid, magnesium chloride, and hydrochloric acid in combination with sodium chloride.
The method employed for washing the starch from the gluten
was in all cases the same. Ten grams of the flour were weighed
out and made into a stiff dough in a round-bottomed porcelain
cup. The cup was then filled with water or solution and allowed
to stand for exactly one hour. In the case of all of the flours
except the low grade, 6 cc. of liquid were used in making the
dough; in the case of the latter, 6.5 cc. were used. After being
allowed to stand under t he liquid for one hour t he ball of dough
was carefully worked under a stream of the solution or water for
exactly 14 minutes. It was then removed from under the stream
and worked in the fingers for 1 minute, placed on a tared dish,
and weighed. This weight was recorded as the weight of wet
gluten. The mass was then dried to constant weight at 110°
C. and again weighed; t his was recorded as the weight of dry
gluten. In all cases, unless otherwise stated, the solution in
which the gluten was to be washed was used in making up t he
dough and was placed over it while standing. Care was taken
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to keep the solution at a constant temperature, which was
recorded.
In Table 10 are recorded the percentages of wet gluten, of
dry gluten, and of actual protein obtained from 10 grams of
flour. Nitrogen in the dried gluten was determined by the
Kjeldahl method. The figure for protein was obtained from
this, using the factor 5.7. In all cases the figures given are the
average of six determinations.
TABLE

10.- Percentages of wet gluten, of dry gluten, and of actual
protein obtained from 10 grams of flour.
Patent unbleached

T emp. 25 °

Patent bleached

Low grade

,- - - - - --- - -·- - - - -,- - - - - - Wet _D_ry_ l_
P_ro_t_ei_n _w_e_t I_D_rY__
Pr_o_tein _W_e_t _D_ry_ l_P_ro_t_ei_n

Distilled H ,O · / 30.4
0.5 % NaCl ... 34.4
Tap water ... . 33.4

9.6
10.3
10.7

8.49
9.21
9.47

28.0
8.4
33.8 10.2
33.6 10.5

7.62
9.13
9.35

45.5 14.8
51.7 13.4
46.8 14.6

12.13
11.29
12.12

42.8
47.4
47.0
44.8
27.9
41.3
43.3

11.82
11.41
11.16
11.00
7.23
9.75
10.69

Temp. 30 °
Distilled H ,O . .
0.5 % NaCl .
1 % NaCl . . ...
2 % NaCl . ....
M / 10 K,HPO,.

..... ..... ....... ..... ..... ..
. ...... . . .
..... ..... . ..... ..... ...
. .... .
.. . . . .. .. .. ... ... . . . . .. .. . ... ... .

~~!~ ~:~~8:. ::::::•:::•:•::••

1: :

: :

• , :

• :

:

:

• :

: :

:

:

14.4
13.6
13.3
13.3
8.6
11.7
12.7

When carbon-dioxide-free distilled water is used as the
washing agent, bleached patent flour gives a lower per cent of
wet gluten, dry gluten, and protein than does the same flour
unbleached, whereas low-grade flour gives higher figures than
either. The per cents of wet gluten, dry gluten, and protein,
respectively, are practically the same in the case of the patent
flours whether 0.4 per cent sodium chloride or tap water is used.
Furthermore, the figures for the corresponding factors of the
bleached and unbleached flour with the same solution agree very
closely. With both the salt solution and the tap water, the
figures for .the three factors are higher than the corresponding
figures obtained when distilled water was the washing agent.
Quite a different result appears in the case of the low-grade
flour. The figures for the three factors are very nearly the same
with the tap water and the distilled water, whereas the salt
solution gives a higher wet gluten but a lower dry gluten and
protein figure than either of the other washing agents. All three
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washing agents give higher figures for the three factors on the
low-grade flour than for the corresponding factors on the other
two flours.
When the washing agent is sodium chloride solution of higher
concentration than 0.5 per cent, the wet gluten decreases slightly,
whereas the dry gluten and protein remain practically the same.
With all three concentrations of salt the two latter figures are
practically the same as with distilled water, whereas in all cases
the salt solution gives higher figures for wet gluten than does
water. Dipotassium phosphate solution of concentration M / 10
gives much lower figures for all three factors than does sodium
chloride solution, tap water, or distilled water. As the concentration of the phosphate solution becomes less the figures for all
three factors become larger but even with M / 40 phosphate are
not as great as the corresponding figures with any of the sodium
chloride solutions.
In Table 11 are given the percentages of wet gluten, dry
gluten, and protein for a patent flour and a low-grade flour when
seven different concentrations of salt solution as well as distilled
water were the washing agents. The percentages given are in
all cases averages of three sets of figures. The flours were obtained from 1915 wheats, while those used in obtaining the
results of Table 10 came from 1914 wheats.
From the unbleached flour a smaller per cent of wet gluten
is obtained when water is the washing agent than when any ·of
the salt solutions are the washing agents. With increasing concentrations of sodium chloride solution the percentage of wet
gluten rises, reaching a maximum when 1.00 per cent salt solution
is the washing agent. Very striking is the fact that the percentages of dry gluten and of protein are the same whether
distilled water or one of the salt solutions is the washing agent.
In other words, washing with any of the salt solutions brings
about swelling of the gluten due to water absorption. A 0.5 per cent
magnesium chloride solution gives similar results.
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TABLE

11.- Gluten washed from flour with dijferent concentrations
of NaCl solution.
Unbleached patent

Solution
temp. 22.5 °
CO, free water . . .
0.1% NaClsol. ..
0.25 % "
"
0.50 % "
"
1.00 % "
"
1.50 % "
"
2.00 % "
"
2.50 % "
"

Low grade

Wet gluten Dry gluten Protein Wet gluten Drygluten l~

l

29.3
31.7
31.8
32.3
32.5
32.4
32.2
32.1

1
-~ -~-~-fr-: -g-: -~-:-: -.·.-. 1- -:-: ·-. :-

9.4
9.8
9.6
9.5
9.5
9.6
9.7
9.7

I

8.3
8.7
8.6
8.5
8.3
8.4
8.3
8.4

1- ::-: - l -:-::-

I

39.7
42.0
45.2
45.1
44.0
43.5
42.0
41.2

12.9
12.2
11.9
11.4
11.4
11.4
11.6
11.5

l- -~-~~-~- 1 -·-1~-~;- -

10.14
9.9
9.6
9.5
9.4
9.3
9.4
9.5
- 1._
o~-~9-·

1

In the case of the low-grade flour the results are somewhat
different. Distilled water gives the lowest per cent of wet gluten
but the highest per cents of dry gluten and of protein of any
of the washing agents used. But salt solutions cause a swelling
of the gluten the same as with patent flour. The per cent of wet
gluten rises with increasing concentration of salt solution and
then falls just as with the patent flour. On the other hand, the
per cents of dry gluten and of protein fall as we pass from water
to salt solutions, reaching a minimum at about 0.5 per cent salt
solution, and then remaining practically constant. In other
words, here again washing with salt solutions causes swelling of
the gluten. That the dry gluten and protein fall is probably
due to the fact that higher concentrations of salt solution remove
some of the salt soluble protein material of the flour.
In Table 12 are given the results obtained on washing several
mill-stream flours with distilled water, with 0.5 per cent sodium
chloride solution, and with tap water. These flours came from
1914 wheat and correspond to flours in Table 10. In the case
of the first and third middlings, tap water and 0.5 per cent
sodium chloride solution give practically the same results for wet
gluten, dry gluten, and protein. Distilled water gives lower
results than either. In the case of the fifth middlings the per
cents of wet gluten are in the ascending order- distilled water,
tap water, and 0.5 per cent sodium chloride solution. The dry
gluten and protein figures are the same with all three washing
agents; whereas in the case of the seventh middlings tap water
gives practically the same wet gluten figures as does distilled
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water. A 0.5 per cent salt solution gives a higher result than
either. Again, the dry gluten and protein figures are practically
the same with all three washing agents, but are higher than for
the corresponding factors of the other three flours. In other
words, the seventh middlings gives results similar to those
obtained with the low-grade flour, as shown in Table 10, whereas
the first, third, and fifth middlings give results similar to those
obtained with the patent flour of Table 10. In Table 14 are
given the percentages of protein in the original flours which
were used in this study. Reference to this table shows that the
first middlings of the 1914 flour has practically the same protein
content as the patent flour of the 1915 series. Comparing the
figures as given in Tables 11 and 12 it is seen that these two
flours which are alike in protein content give quite different
figures for wet and dry gluten and protein when distilled water
is the washing agent, but practically the same figures with 0.5
per cent salt solution as the washing agent. Again, the third
middlings and the patent flour of the 1914 series have practically
the same nitrogen content. Reference to Tables 10 and 11
brings out the fact that these two flours also give quite different
results when distilled water is the washing agent but very similar
results when 0.5 per cent salt solution or tap water is the washing
agent.
Finally, Table 13 shows that hydrochloric acid solutions in
concentration of N / 2,000 (0.0018 per cent) will not give a gluten
ball.
TABLE

12.-Mill-stream flours washed in water and 0.5 per cent
NaCl solution.

Flours
Temp. 22.5 °

Solution

1st Middlings .... CO2 free water .......
0.5 % NaCl solution ..
T ap water . . ..... . . ..
3rd Middlings . .. CO, free water .......
0.5 % NaCl solution ..
T ap water . . .........
5th Middlings .. . CO, free water . ......
0.5 % NaCl solution ..
T ap water . ....... .. .
7th Middlings ... CO, free water .......
0.5% NaCl solution . .
Tap water ...... . ....

Wet gluten Dry gluten

P er cent
23.5
32.1
31.4
27.8
34.5
33.7
33.7
37.5
35.7
36.0
38.6
36.6

P er cent
7.1
9.4
9.7
8.7
10.3
10.6
11.2
11.2
11.5
12.4
12.0
12.3

Protein

Per cent
6.4
8.4
8.7
7.8
9.3
9.4
10.0
10.0
10.2
10.7
10.3
10.7

•
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TABLE

13.- Unbleached patent flour washed with different solutions .
T emp. 22 .5°

I Wet gluten

Dry gluten

Protein

- -- - - - - - - - - ---- P er cent
P er cent
P er cent
(Gluten was too soft to handle)
N / 2000 (0.001 8 %) HC l solution .
24 .1
7.4
6.5
N / 4000 (0.0009 %) H Cl solut ion ....... .
33.2
9.6
8.6
N / 4000 (0.0009 %) HCl + 0.5 % NaCl. .
29.2
9.3
8.3
CO2 free water ... . ..... ... .
TABLE

14.- Protein content of the flours used in the experimental
work.
Flours

1914

1915

Patent unbleached . .. . .. . . . .. . .. .. ...... .... .
Patent bleached ... . . .. . . ... .. . ............ . · 1
Low grade .. .... ... . . .... ...... . .. . .. .. . ... .
First middlings .. . . .. . .... . .... . ... ...... ... .
Third middlings ...... . ...... . ... . . .. . ... ... ·
Fifth middlings . . .. ... .. .... . .. ...... . .. .... .
Seventh middlings .. ...... .. .. ..... . ... . .. . . .

P er cent
11.00
10.88
14.37
10.04
10.96
11.97
12.88

P er cent
10.06

1

12.94

The gluten is rendered so soft and sticky that it cannot be
collected. A N / 4000 (0.0009 per cent ) acid gives smaller wet
gluten, dry gluten, and protein figures t han does water. When
0.5 per cent salt is added to N / 4000 acid, figures very nearly the
same as t hose wit h 0.5 per cent salt alone are obtained, as shown
in Table 11. The salt overcomes t he effect of the acid in causing
disintegration of t he glut en.
Our experiments suggest first of all that carbon-dioxide-free
distilled water is the proper washing agent to be used in making
gluten determinations by the ordinary method. Distilled water
as the washing agent more often reveals differences in t he quantity
and character of wet gluten in different flours t han does tap water
or a salt solut ion. If any importance is to be attached to the
amount and quality of the wet gluten, it is clear from the experiments here reported that concordant results cannot be
obtained when different washing agents are used.
The authors propose t he following as a satisfactory method
for the determination of gluten. Weigh 10 grams of flour into
a round-bottomed cup. Work into a stiff dough with freshly
boiled distilled water and allow to stand under water for 1 hour.
Then work in a stream of t he distilled water for 14 minutes over
a bolting-cloth frame, to catch any pieces which may fall. Then
work in the fingers for 1 minute and weigh on a tared dish.
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The weight of dry gluten may be obtained after drying at 110°C.
to constant weight. As a check, nitrogen determinations may be
made on the dry gluten.
The explanation for some of the facts brought out by our
experiments is not at present evident. We have repeatedly
demonstrated that gluten, prepared by washing the starch from
flour with distilled water, does not change in weight when placed
in salt solutions even when the concentration of the latter is as
high as N / 2 (2.9 per cent). On the other hand, larger amounts
of wet gluten are obtained by washing the starch from flour
with salt solutions of concentrations varying from 0.1 per cent
to 2.5 per cent than are obtained when distilled water is the
washing agent. Furthermore, our figures show this increased
weight obtained with the salt solutions to be due to hydration
of the gluten. In other words, when salt solutions are the washing agents gluten swells more (absorbs more water) than when
distilled water is the washing agent. These facts are not in
harmony with the results of our experiments on the swelling of
gluten as reported in the first part of this paper. When pieces
of gluten are simply placed in salt solutions, for several hours
even, swelling is inhibited.
These facts do not in any way modify our conclusions in
regard to the effect of acids and salts on the character of loaf
obtained when the flour is made into bread. The different results
are without doubt due to the difference in conditions in the two
experiments. When moist gluten is allowed to remain in contact with a solution, conditions are not the same as they are
when gluten is washed in a continuous stream of that solution.
In the latter case, the gluten is washed in the fingers so that the
solution permeates the whole mass; and since the solution is
constantly changing, other substances besides starch are washed
from the mass. The first condition is more nearly like the one
which obtains in the bread-making process.
While no doubt the different results are due to the difference in
conditions, still the complete explanation is not apparent. It is
possible that washing with salt solution changes the degree of
dispersion of the gluten in such a manner as to favor increased
water absorption. The facts present a problem in colloidal
chemistry which requires further study. The authors plan in
the near future an extended research in this field.
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SUMMARY.

l. It is shown that wheat gluten is an emulsoid colloid and
shows all the properties of this class of compounds.
2. Gluten absorbs water from dilute acid solutions, thereby
losing its tenacity and ductility, becoming soft and gelatinous.
The presence of small amounts of neutral salts in the dilute acid
solutions inhibits water absorption by gluten.
3. It is pointed out that the bread-making qualities of dough
made from wheat flour are dependent on the quantity and quality
of the contained gluten. Quality of gluten is regulated by the
kind and concentration of the acids and salts present in the
dough. If the kind and amounts of the acids and salts are such
as to favor water absorption, the quality of the gluten will be
poor, whereas the presence of acids and salts in such amounts
as tend to inhibit water absorption makes for an improved
gluten.
4. Results of experiments are presented which show that
carbon-dioxide-free water is the ideal washing agent to be used
in making gluten determinations. A standard method for gluten
determinations is proposed.
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